Spiral cleavage is the ancestral developmental mode within the Spiralia. It covers a period of the early development characterized by asymmetric divisions with alternating division angles giving the embryo a spiral looking appearance. The position and fate of the cells are determined during the spiral cleavage thus it's crucial for body plan formation. However, the mechanisms controlling spiral cleavage are poorly understood. To elucidate the molecular, cellular and physical mechanisms of spiral cleavage, we use the marine annelid Platynereis dumerilii as a model. We wish to unravel the role of the cytoskeleton during spiral cleavage focusing on the cytoplasmic and cortical contributions. We do this through mRNA injections of fluorescently labeled tubulin (EMTB-3XGFP) and histone (H2B-mCherry) into the Platynereis zygote to label cytoplasmic elements. We imaged the live embryos with selective plane illumination microscopy (SPIM) in high-resolution, high-speed, and 3D-reconstructable manners. We processed the data with Fiji softwares (Preibisch et al., 2010(Preibisch et al., , 2014(Preibisch et al., , and 2015, and reconstructed this way early cell cleavages in Platynereis. Next, we extracted dynamic cellular events such as inclination of the mitotic spindles, transportation of the nuclei in the cells, and membrane deformation during cell division. Moreover, we monitored the cortical actomyosin dynamics through syn21-lifeact-mKate2 mRNA injection and imaging with spinning-disc confocal microscope. Actin is shown polarized to the micromeres prior to each division. And the cortical actomyosin chiral flow is observed in the macromeres during the spiral cleavage. Membrane deformation and actomyosin dynamics was not interfered with colchicine or nocodazole-mediated microtubule polymerization inhibition. However, actin polymerization inhibition with latrunculin A severely disrupted spindle. These suggest that the actomyosin play critical roles in both establishing cell polarity and controlling division pattern during spiral cleavages. This study provides mechanistic insights into the spiralian development and a base to compare their degree of conservation among spiralians. 
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Dlk1 is paternally-expressed, promotes fetal growth and limits adipogenesis, while Grb10 is maternally-expressed in most tissues, inhibits fetal growth and limits adipose formation. The respective growth-regulatory roles are consistent with the predominant theory for the evolution of imprinted gene expression, the parent-offspring conflict hypothesis. This predicted that in mammals imprinting could evolve because of differing parental interests in the distribution of maternal resources to her offspring, at least in species where females tend to reproduce with more than one mate during their reproductive lifespan. This project aims to provide biochemical evidences to support the hypothesis that Dlk1 and Grb10 act antagonistically to control the body size through a common pathway. I've done two sets of quantitative proteomics and found that several receptor tyrosine kinases (RTKs) were involved in mouse fetal growth. Signal studies using western blot, ELISA and RTK array supported the proteomics findings as well. Purkinje cells are essential neurons in cerebellum that integrate multiple inputs for motor coordination. This eminent neuron receives presynaptic signals through the spines on the elaborate dendritic arbors expended in molecular layer. Actually, dendritic arborization occurs in the first few postnatal weeks where primary dendrites developed into the extensively branched mature status. Apart from that, corresponding spinogenesis and synaptogenesis with afferent fibers also help to build up the cerebellar circuits. Dysregulation in Purkinje circuits and degeneration of Purkinje cells are recognized phenotypes found in ataxias, the symptom featured by uncoordinated movement. Despite the significance of dendritic arbors, detailed molecular mechanisms regulating postnatal Purkinje cell development remain largely unknown.
Two LIM-homeobox transcriptional factors, Lhx1 and Lhx5, were previously identified in our lab to regulate postnatal Purkinje cell dendritogenesis. Currently, we target on identifying downstream factors of Lhx1/5 to regulate Purkinje cell dendritic development. Wntless (Wls) is a conserved Wnt ligand transporting protein, which binds lipid modified Wnt protein and transport them to the cell membrane for secretion. In postnatal cerebellum, Wls specifically expresses in Purkinje cells, indicating its potential role in Purkinje cell for secretion of Wnt ligands for regulating postnatal cerebellar development. In the conditional postnatal Lhx1/5 knockout mutant cerebellum, down-regulation of Wls was identified in Purkinje cells. We are now studying the function of Wls on dendritic development by Wnt inhibitor assay on cerebellar slice culture. We are also investigating whether there is a direct regulatory relationship between Lhx1/5 and Wls. This study focuses on molecular mechanisms regulating Purkinje cell dendritic development, which is highly related to ataxia. Therefore, our study will benefit on revealing pathogenesis and even advancing in treatment of the ataxic diseases. The initial accumulation of interstitial fluid (IF) between embryonic cells is a common phenomenon in vertebrate embryogenesis. In many animal species, this accumulation becomes first apparent by the formation of a fluid-filled cavity (blastocoel) at the interior of the embryo. During mouse pre-implantation development an osmotic gradient between the outside and inside of the embryo has been speculated to trigger blastocoel formation. Moreover, in avian and amphibian embryos, the formation of a blastocoel cavity at the embryo interior has been suggested to function in embryo morphogenesis by providing space and extracellular matrix components for proper cell movements during gastrulation. In contrast, surprisingly little is yet known about the formation and function of IF during zebrafish embryogenesis. Using a combination of cell biological and imaging experiments, we have begun analyzing IF accumulation in blastula-togastrula stage embryos and the potential role these accumulations might play in embryo patterning and morphogenesis during gastrulation. Our preliminary observations suggest that IF begins to accumulate between blastomeres at early cleavage stages, even before tight junction assembly at the epithelial cells of the blastoderm surface becomes apparent. Moreover, pharmacological inhibition of Na+/K+ ATPase strongly reduced IF accumulation without impairing surface epithelial integrity, pointing to the possibility that proper ion transport and thus the regulation of osmolarity between the inside and outside of the embryo is critical for IF accumulation. Finally, we found that in Na+/K+ ATPase inhibited embryos with reduced IF accumulation mesoderm and endoderm internalization was defective, suggesting that IF accumulation is required for proper gastrulation movements. Estrogens, traditionally considered as female hormones, play an important role in growth, differentiation and regulation of male reproductive system in mammals. Many oviparous reptiles exhibit temperature-dependent sex determination (TSD) wherein temperature determines gonadal sex of the embryos during temperature-sensitive period (TSP) when gonadal sex is labile to both temperature and sex steroids -particularly estrogen. Nevertheless, the key role of estrogen in the early steps of sex differentiation is controversial. The Indian garden lizard, Calotes versicolor lacks heteromorphic sex chromosomes and exhibits a novel unique FMFM pattern of TSD.
Our previous report on the adrenal, kidney and gonadal (AKG) expression of ERα in C. versicolor embryos incubated at femaleproducing temperature (FPT -30.5°C) revealed isoforms of ERα (~55 kDa and~45 kDa) suggested pivotal role of estrogen in female sex differentiation. The present work aims at investigating the role of estrogen in male sex differentiation pathway. The expression of ERα is prominent in adrenocortical cells, mesonephros and Pre-Sertoli cells of seminiferous cords during middle of TSP of the embryos incubated at male-producing temperature (MPT-25.5°C) which provides evidence for potential targets of estrogen action. The AKG expression of single band of ERα protein at MPT when compared to FPT suggests its distinguishing role in the proliferation of cortex (at FPT) and medulla (at MPT). The immunoreactivity for ERα tends to diminish in Sertoli cells and makes its onset in Leydig cells prior to hatching suggest an age-dependent shift in its immunolocalization. This indicates the responsiveness of Sertoli cells to estrogen signaling during early embryonic development while Leydig cells later to it.
It is inferred that, pre-Sertoli and Sertoli cells of the seminiferous cords are the important source of estrogen during testis differentiation. Thus estrogen may play an important role in Sertoli cell proliferation thus facilitating male sex differentiation pathway in Calotes versicolor. Ryk, a member of receptor related tyrosine kinase, acts as a receptor for the Wnt signaling pathway through binding with Wnt3, Wnt5 and Wnt11. It plays an important role in neurogenesis, axon guidance, polarity of stereocilia hair cells in the cochlea and convergent extension during embryonic gastrulation. In zebrafish, the Wnt5b/Ryk-mediated non-canonical Wnt signaling pathway is required for convergent extension that provides a cue for directing cell migration away from Wnt5b source. Although the multiple roles of the Ryk-mediated Wnt signaling pathway have been elucidated, the regulatory mechanism is not well understood. Here, we found that deubiquitylase zinc finger, RAN binding domain containing 1b (Zranb1b) and ubiquitin E3 ligase Mind bomb (Mib1) are involved in the regulation of the Ryk-mediated non-canonical Wnt signaling pathway in zebrafish. Our data reveals that zebrafish embryos with knockdown of zranb1b by morpholino exhibited convergent extension defects, including short trunk, wide somites and thick notochord, which were similar to embryos with wnt5b mutations or ryk/ wnt5b knockdown. In addition, zranb1b knockdown also slowed cell migration during zebrafish gastrulation, demonstrated by cell transplantation assay. On the other hand, overexpression of mib1 led to convergent extension defects. Both zranb1b and mib1 had genetic interaction with ryk because the defects in convergent extension caused by ryk knockdown were synergistically enhanced by zranb1b knockdown or mib1 overexpression. Moreover, Ryk was an interacting protein and common substrate of Zranb1b and Mib1. The Ryk on cell surface was reduced in embryos with zranb1b knockdown or with mib1 overexpression; in contrast, the internalization of Ryk to late endosomes was increased. These results suggest that balanced deubiquitylation and ubiquitylation of Ryk regulated by Zranb1b and Mib1 is required for maintaining Ryk on the cell surface to modulate the non-canonical Wnt signaling pathway during convergent extension in zebrafish. Animal development is characterized by a series of signaling events that occur at precise locations and times within the embryo. It has proven a longstanding challenge of developmental biology to determine when and where this precision is required or dispensable for proper development. Here, we describe a light-inducible system to activate Ras in the early Drosophila embryo that can be used to tune Erk activity with subcellular spatial and minutes-timescale
